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SUMMARY

This report describes the feds of$w adjustable blade metal model propeller~ both in afw wind “ _”~
dream and in combination with a model fu#e?uge with stub wh98, which were conducted at Stanford
Urvkereity under re8earch authorization of the Natbnul Adii.sory Committee for Aerimmdics.
me prOpe~er8 are of the same form andcro888ection but ke wriuti.ona in radial &.9trihLtiOn8 of

pt”tch. By making a surrey of tlie radial distribution of air relm”iy through thepropeller plane of the

model fuselage it wa8 found that We mlam”~ ram-m from zero at tlie hub center to apprmimately

free stream relotiiy at the blade tip.

The test8 show that the efict”ency of a. propeller when operating in the prtwence of the airplane “ ___
—.

h, ore?’ & working range, generally 1888than when operating in afiee wind stream, bwttkt a pro-
peller un”tha radial distrhiion of p“ich of tlie 8arne nature as the radial didribution of air reloeiiy
hnigh the prope17erplane 8ufer8 the smallest 10s8 in eficieney.

INTRODUCTION’

In the design of propellers it is generally customary to assume that the axial velooity
through the propeller disk is uuiform. R has recently been demonstrated (reference 1), how-
ever, that such is not the case; the velocity through tJie propeIler pkme of a fuseIage of con-
ventional form is relatively small in the immediate. vicinity of the fusehige. The purpose of

-- —

the present investigation was to determine the importance of considering this feature in the
design of propellers. To this end, the performance characteristics of five modeI propellers,

.-

ali.kein plan form and blade sections and having approximately the same mean pitch, but with
vatious radiaI distributions of pitch, have been determined both in the free stream and in the
presence of a model fuselage.

A modeI V3+7 fuseIage with stub wings was chosen as a typical slip stream obstruction.
-..—

The form of the modeI fuselage is shown in F~e 1.
—

The swde ratio between the model and
fuH size is 0.3674, thus giving a dkmeter of 3 feet for the model propeller, and a chord of 20.39
inches for the modeI wing. The model propellers me shown in Figure 2. The blad~ of ~ . . .._
models exe adjustable and all fit a single hub. PropeIler A is, at the bIade angles shown, of
uniform geometric pitch and has a geometric pitch/diameter ratio of 7/10. Propellers B and C

--

are of the same form and pitch as A from hub to 10.8-inch radius; from this point to the tip
B is gradurdly increased in pitch and C is graduaIIy decreased. Propellers D and E are the
same as propeIler A from the 10.8-inch radius outward; from this point toward the hub the
bIade angIes of D are increased and those of E are decreased.

Reference 1. The EHect of the Sperry ?&senger Fuselsge on the Air Flow at the Propeller Plane. By Fred

.-

E. ‘i%’eiCk. ~. A. C. A. Technical Note No. 274.
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PROGRAM OF TESTS

The program for tests was as follows:
1. Tests in an unobstructed wind stream.

.-

(a) Tests ~f propeLlerA with blades set at the &signed angIes.
.

Reduction of observed data to the usual co-&cien< . . .-

Thrust
CP-F=i CT= ~n2D~ “. .. . .

and

and

—-q= efficiency, and plotting of same on abscissa of V/nD.
Calculation of speed power coefficient

d

——
c pVs -—
‘1= Power n2- ‘

plotting. same against V/nD and e5ciency, thti determining value of such coeffi-
cient for maximum eficiency.

.

Scak Ewrheal H&4 k?aixk

FIOUIIEl.—Wind tunnel model Of.VE-7 airplane ●

Chord, 20.33 inoheq gap, 2M5 fnoheqstagger, 4.X3ino~ ~gle of wing eetting (upper tirrg)
1“ 46’; lower, 2“ 15’.

(b) Preliminary testsof propellem B, C, D, and E at various blade settings and at values of
V/n-Din the neighborhood of that for maximum efficiency, to determke the setting giving maxi-
mum efficiency for the same value of the speed-power cmflicient

as that determined for propeller A at maximum efficiency,
(c) Complete tests of propellers B, C, D, wid E atithe settings determined by (b).
2. Tests of model propellers in combination with the VE-7 modeI fuselage ahd stub wings.
(a) Tests similar to 1 (a).
(b) Tests similar to 1 (7)).
(c) Tests similar to,1 (c).
3. Survey of the velocity distribution at the propeller plane of the VE-7 model.

—



TESTS OF FIVE METAL MODEL PROPEL RS
9

l--Prqae&5re “-—

I a

-–secl%ns hken hwkhq t@m Ad to *

Sisd@rs fakenbokkq from hk to f@
,.

FfiuuE 2.--MoW propellers A, B, C, D, and z with varybg p[tch dMrlbntIorq but with no chmge ht bIade sectbm dbnenskrns

..—.
. _—

. .-

.,.
.!. ,

—
.

..—

.-..

. .

--—

.——

-.



504. REPORT NATIONAL ADVBX)RY COMMmE FOR AERONAUTICS

SET-UP OF APPARATUS AND METHOD OF TESTS

Theapparatus forthefree wind stream tests iashownin Figure3. The model propellers
are mounted on the shaft of a cradle type dynanmmeter placed at the ask of the wind tunnel. —

FIQUM ~.—k’rangement of apparatus for tkw stream tats

—

The dynamometer barrel, containing the
driving motor at the rgar end, is long and
tapering, the test propeIler being 5% feet in
front of any appreciable obstruction and thus
in a wind stream of sensibly uniform velocity.

Torque and thrust are measured directly.
Revolutions are recorded upon a chronograph
and wind speed is determined from the pressure
reduction ‘in the experiment chamber and the
air density, the relaticm between experiment
chamber pressurereduction and dynamic pres-
sure having been previously determined from
a survey with a pitot tube. Air density is de-
termined from observed dry Rndwet bulb tem-
perature and barometric pressure by reference
to tables of General Specifications-Appendix
8, Instructions for Calculating and Testing
Ventilating Systems, Bureau of Construction
and Repair, United States Navy Department.
The usual test procedure is as foIIows:

1. Check torque and thrust zeros,
2, With wind speed of about 66 feet per

second, adjust angular velocity of propel~erto
give zeyo thrustand make simuhmeous obser-
vations for thrust, torque, angular velocity and. . . .
wmd velouty.

3. Increase thrust in suitable increments to give well distributed spots on graphs by in-
creasing angular velooity and make similar observation. This process is continued (with 3-
foot models~until a thrust of
30 pounds is reached. The
slip is increased for additional
observations by reduction of
wind velocity until the tunnel
fan is shut down entirely, the
velocity for the last observa-
tion being only that induced
in the tunnel by the action of
the model propeller itself.

The set-up for tests of
the propellers in combination
with th.aVE-7 model fuselage
is shown in Figure 4.

In former tests. of this
kind the model airplane was
suspended by wires as shown
and the drag was measured

1’ by means of a balance.forward
of the experiment chamber,
the connection to the.balance

FIOURE4.–Arrange.pwnt d appa”rr&rsfor test with model fuaeIage
—---

being a wire with suitable bridIe wound the propelIer.. Preliminary tests were made to deter- _
mine the drag of the.model without the propeller. The drag of the model was also measured
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with the propeller in operation. The thrust of the propeller wee measured as in the free.
wind stream tests. For determining the propeller +.aracterist.ics when operating in combi-

— ..

nation with the model, the propeller was credited wif’% a thrust equaI to T– (IL –RJ in which
T is the pu~ upon the propeller shaft as indicated by the thrust balance, ROthe resistanceaf the
model in a free wind stream and l?l the resist-
ance of the model when influenced by the
propeller.

In the present tests a method simp~er
for experimental observations, but g&ing the
same fial result, was employed. The model
airplane” was suspended by wires as before.
A drag yoke connecting the model to the
thrust bearing of the dynamometer was pro-
vided. This yoke insured no interference with
or effect upon the torque balance. The dragg
of the model was thus indicated as a nega-
tive thrust by the thrust balance beam.

A prelimina~ test was made to deter-
mine the drag or resistance of the model
alone.

The procedure for testa of model propel-
lers in combination with the model fuselage
was tbe same as that for the tests in a free
wind stream, except that the observations
were started at a negative due of the total
force upon the propeller shaft about equal to
the drag of the model fuselage alone so that
the propeIler was delivering under this con-
dition apppro.ximately zero effective thrust.

With the drag of themodel communicated
to the thrust balance, it is evident that the
force measured by the thrust balance is T–RI,
T being as in previous tests the pdl exerted
by the~ropeI& and 1?, theresista~ce of the model under the action of wind and sIipstream. If to
T– El is added the resistance of the model in a free wind stream, R& the resilt is T–RI + ROor
T– (Rl –Ro) the quantity which was determined in pretioue Ats when the drag of the model as
influenced by the slip stream was measured independently.

The velocity survey of the propeIIer plane was conlined to three &&i, the upward and
downward verticals and one horizont.aI. Observations were made at 2-inch intervals out to
the 24-inch radius. The arrangement of the s~ey apparatus is illustrated by Figure 5. The
smaIl pitot tube, built to meet space Ernit.ations,was calibrated, wide attached to its supporting
bm, by comparative tests with a standard National Advisory Committee for Aeronautics piiot
tube.

lcM397~s

.

Fmmzc &-Aps!JrJtus [IX Veloc:ty snrW9



.

506 REPORT NATIONAL ADVISORY COMMI~E l?@~ ‘~”R”ONAUTICS

RESULTS OF TESTS

The results of free wind stream teats on propeller A are given in Table Ia and are shown in
Figure 0. From the figure it is seen that-the maximum efficiency is somewhat above 81 per
cent and that the corresponding value of the speed-power coefficient is 1.75. Preliminary tests
near the point of maximum efficiency for propellers B, C, D, and E gave the folloiving remdts:

.- . . ... . . .. . . .

TT i-””i-
... ...

PrO@ler

{
:%%; .W 3kl- :-.

Blade set-
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\
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B_ . . . .._. --.__ .-..-_ -- . . . ..n.

. -- ... ----------------- -- —------ --
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FIOURE6.—PropelIer A in free wind stream
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FIGURE7.–Fropeller B In frw wind etream

From the above it was determined that the settings for B, C, D, and E at the 10.8-inch
radius to give a speed-power coefficient of 1.75 at mash.nmn efficiency were as follows: .-

Propeller ------------------------ B c D E .

8etting at 10.&inch radius --------- 18.2° 23.1° 19.9° 20.7”

It may be noted that the angles of B are decreased 2.2° and those of C are increased 2.7°.
Likewise the angles of D are decreased 0.5° while those of E are increased 0.3°.
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Some apparent inconsist.mcy in the changes required led to the measurement of the angles
on aIlpropellers from the 10.8-inch radius outward.

—
A70attempt was made to measure the angles

inside of the 10.S-inch radius, since the sections are cambered on the driving face and no accurate
--

method for measuring -ivasavailable. The anghs-sof corresponding sections for two blades of a .._ ._._
single propeIIer were found to dHer, in some cases, by O.1O. The mean angks (for two blades)
showed no differences from those of F~e 2 greater than 0.2°.

--
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Assuming that the mqglesof the sections inside of the 10.S-inch radius mere, in relation to
angle at the 10.8-inch section, as shown by F@re 2, the angles of aIIsections were, for thesettings
used, as follows:
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The results of complete tests in a free wind stream for propellem B, C, D, and E are given
in Tables Ib, Ic, Id, aiid Ie and are shown in Figures 7, 8, 9, and 10.

The observed data from the preliminary tests of the model VE-7 for drag without-slip stream
are shown in Table II and Figure 11.

The results of tests of propeller A in combination with the model VE-7 are given in Table
IHa wid are shown h“”l?igure 12. As stated previously the thrust credited to the propeller is
the observed total force on the shaft as shown by the thrust balance plus the resistance, Ro,
corresponding to the observed dynamic pressure and read from the graph Figure 11. For
this reason the initial value of thrust is not zero as in the case of the unobstructed wind stream

.
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. .
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q,lb/sq,f t

FKWRE 11.—Dras on the VE-7 modd

tests, it being impracticable ti determine in advance the exact value of dynamic pressure that
would be encountered and thus adjust the propeller speed to give a total reaction upon the
shaft equal in amount to the refit~ce of the model witbo~~p stream efiect~--

Figure .12 shows that the maximum efficiency of propeller A, when operating in front of
the”model, is sIightly over 76 per cent and that this efficiency occurs at a speed power coefficient
of 1.85.

Preliminary tests of propellers B, C, D, and E in combination with the VE-7 model showed
that no changes of the settings derived in the free stream preliminary tests were required, the
value of the speed-power coefficietit being, at these settings, 1.85 for m8xirnum efficiency.

. \
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The resuhs of complete tests of propellers B, C, D, and E in combination with’ the model
phute are given in Tables IIIb, IIIc, IIId, and IIIe and are shown in Fwures 13, 14, 15, and 16.

Table IV and F~ure 17 show the resuhs of the -relocity survey at the propeller phne. In
this survey prehnina~ tests showed that the ratio of velocity at any point to free stream velocity
was practically independent of the velocity employed. F-e 18 shows the ratio of mean velocit~
in the propeLIerpkme to free stream velocity.

PIOUM lZ.-PropeUer A with model fnsekge

This @ure is determined by taking the mean
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FIG- 18.–PropeUer B with mndel fosek

of the ordinates of F~e 17, but including the ordinate for left side twice, it being assumed
that the velocity distribution ie symmetrical in a horizontal plane.

DISCUSSIO~

Inspection of Fwures 6, 7, 8, 9, and 10 reveals that, so far as can be judged from free stream
performance, no one of these propellers has a striking advantage over any other. l?ith poasibly
a alight advantage in favor of A, propellers A, D, and E are about equaI with a peak efficiency
of somewhat over 81 per cent. For B and C the peak efficiency is close to 80 per cent, B
appearing to be sIightly the better.

..—

.

. —.
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Neglecting inflow velocity, the angles of attack of the various sections of the five propellers,
when operating in a wind stream of uniform velocity and at V/nD for maximum efficiency, are
as follows:

ANGLES OF ATTACK OF SECTIONS AT V/raD FOR M+ XIMUM EFFICIENCY FOB PROPELLERS IN FREE WKND STREAM

I
.-
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FIGUILE15.—Prc@ler D with model fuselaga

These angles are shown graphically in Figure 19. Without knowing the aerodynamic
characteristics of the sections, it is of course impossible to say what the optimum angles of
attack are, but assuming that they are moderate and~approximately uniform, it would appear
from Figure 19 that propeller A should be the best. -It would seem, too, that D and E should
be next, because of the relative importance of the outer sections, and that B and C shouid be
poorest. It might be expected that D and E wouId_be appreciably inferior to A, but, in view
of the fact that there is only a little more. than 1 per cent difference in the peak efficiencies of

-.
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the best and worst propellers (A and C) the slight difl%rencesfound in A, D, and E are not .
surprising.

—

For the tests in combination with the model fuselage it is seen from Figures 12 to .16 that
all propdlers show a decrease in peak efficiency from that determined by the free stream tests
and an increase in V/nD for zero thrust. This is in agreement with previous tests of a simiIar
nature. (Reference 2.)

Fmurtc 17.-Snrreg Of“timlty In propdler pk+w. VE-7 model

FmcrtE lS.–VeIocky in propelkr plane, aveia@ VIZ-i model

-.. .

-—

,-—-

—

The decrease in peak efficiency is, however, nott the same for ill propellem, so that the
peak efficiencies attained me as foHows:

W~ller ---------------------------------------------------------- A B C D E
Peak etliciency with model fasdage, per rent---__ ---__ -_----_ --_-: _______ 76% 76bi 75 7? .79 -. -------

Reference 2. Interaction between h PropeUers and Airplane Structures, by W. F. Ihuand. -~. A. C. A. .
TechnicaI Report NO. 235.
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Again, neglecting inflow velocity and assurnigg a_radi+ velocity distribution as shown by
F~ure 18, the angles of attack for the various sections.of the five propellers when operating in
front-of the model fuselage at V/nD for maximum efficiency are as follows:
ANGLES OF ATTACK OF SECTIONS AT V/nD FOR MAXIMUM EFFICIENCY FOR propellers IN COMBINATION

WITH MODEL FUSELAGE
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Them angles are shown graphically in Figure 20. . The angles for propeller E are small and ___
nearly uniform and have probably somewhere near the optimum “values. The angles for A and
B are without doubt distinctly less favorable..for high efficiency and those for C and D-maybe
even worse.

CONCLUS1ONS

It has been demonstrated by these tests tJmt the reduction of propeller eficiency caused
by the presence of an obstruction in th~ slip stream is minimized by giving the propeller a radial
distribution of pitch simihtr to the radial distributti of vel&ity through the propeller plane

.

.,

,
.

,.
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which exists under the conditions of operation. In other words, ~ propeller so designed that
all its blade sections actually attain their optimum sngks of attack at the cnndition of maxi-

,+.

mum efficiency is appreciably superior to the conventional constant pitch propeller for use in

-.
the presence of a slip stream obstruction.

STANFORDIJNIVISRSITY,
Decem~er, 19g8.

TABLE Ia.—PROPELLER

[R-s@wind strsarol

h

—. .- .—.
P

I

v,-AM.
f&l%L !&c.

r. p.s.
n . .

.. .. ..

o
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TABLE Ib.-PROPELLER B

[Fi-w wind stream]
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.4952
.M52
. aml
.2614
. I18a

-~.-—....=
. .‘t-l r.p. s.
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.WA8 .0i2m

o“
iE
&cm
4655

!%
EL16
le. 20
2227
ao. a7
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TABLE Ic.—PROPELLER C
J — ---

[Frea wtnd etreaml
—.
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r. p.s.
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TABLE Id.—PROPELLER D

[Free wfnd streamI
.-
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+:.

-,-
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+
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~..
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LE Ie.—PROPELLER E

[Frea wind stream]
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TABLE 11.-BRA(i OF “TH”E” V3Z-7 hlOD.EL
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TABLE IIIa.-PROPELLER A

with model fuselage]
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TABLE 1113—PROPELLER B

[Vrfthmcxielfuselage]
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w
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TABLE IIIc.-PROPELLER C

[With model fuselage]
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TABLE l_IId.-PROPELLER D

[With mode! fm.e18se]
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TABLE HIe.-PROPELLER E

[Wtth model fuselagel

V/nD
V, veloc

ft!;.k.

-+. ,. ... .

r. p. 8.
?0
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v

- .
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~g
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.... . .. . -
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SURVEY OF VELOCITY THROUGH PROPELLER PLANE, VE-7 MODEL
-.
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.- ~ . ..:: ,..+.,.. .’]1.-..,,,,.., .Bottom
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- -
MC&l a

4
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iK 12,
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4
6
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M
14
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:
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ORDINATES FOR SECTIONS OF PROPELLERS ‘A, B, C, D, AND E

:.—-r- .
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Statfone In p= cent of chord. All ordbmtea in lnok.


